1. Background {#sec66825}
=============

Following a successful introduction phase, 18-fluoro-deoxy-glucose-positron emission tomography-computed tomography (FDG-PET/CT) is now emerging as a useful imaging tool in the diagnosis and management of the patients with pancreatic lesions ([@A16429R1], [@A16429R2]). Although previous studies have reported high sensitivity and specificity for FDG-PET/CT in the differentiation of benign and malignant pancreatic pathologies, there is no current consensus on the role of FDG-PET/CT in the initial diagnostic work up (and subsequently planning initial treatment strategy) for pancreatic lesions ([@A16429R3]). The 18-fluoro-deoxy-glucose (FDG) is a radiolabeled glucose analog used in FDG-PET/CT, which competes with plasma glucose for uptake in different tissues. Increased expression of glucose transporter (GLUT-1) in pancreatic tumor cells compared with normal/inflamed non-cancerous pancreatic cells (pancreatitis) and the pattern of the glucose uptake in the pancreas (focal high uptake in pancreatic cancer as opposed to diffuse high uptake in pancreatitis) are the main pathophysiological mechanisms used in FDG-PET/CT for differentiation of malignant and benign pancreatic pathologies. Previous studies have suggested that high fasting plasma glucose (FPG) levels just prior to FDG administration for FDG-PET/CT might affect the accuracy of this modality in response predictions in rectal cancers as well as efficacy of this modality in diagnosis of cervical cancer ([@A16429R4], [@A16429R5]). Lindholm et al. showed that the standardized uptake values (SUV) and Ki and consequently the quality of the positron emission tomography (PET) image become markedly poorer after oral glucose loading to the patients ([@A16429R6]). Although Diederichs and colleagues, acknowledged the improved diagnostic yield of PET-only scan for differentiation of malignant and benign pancreatic masses of patients with FPG values less than 130 mg/dL, this concept has not been recently evaluated for the diagnostic accuracy of FDG-PET/CT scans in detection of pancreatic pathologies ([@A16429R7]). It is well established that high plasma glucose levels at the time of FDG administration affects FDG bio-distribution. The current guidelines for FDG-PET/CT imaging requires the patient to fast for at least six hours prior to FDG-PET/CT imaging and the fasting plasma glucose (FPG) levels to be ≤ 200 mg/dL at the time of 18-FDG administration ([@A16429R8]). We are currently lacking information on accuracy of FDG-PET/CT in lower plasma glucose (PG) levels (≤ 200 mg/dL); i.e. the diagnostic value of FDG-PET/CT for detection and differentiation of pancreatic pathologies in non diabetic patients with FPG \< 126 mg/dL versus patients with FPG ≤ 200 mg/dL who are not non diabetic, i.e. FPG 126--200 mg/dL labeled as hyperglycemic for this study.

2. Objectives {#sec66826}
=============

The aim of our study was to evaluate the impact of fasting plasma glucose level (i.e. non diabetic versus hyperglycemic) at the time of FDG administration on the accuracy of FDG-PET/CT in the evaluation of suspicious pancreatic lesions.

3. Patients and Methods {#sec66828}
=======================

In this retrospective institutional review board (IRB)-approved study, charts of all patients who had FDG-PET/CT from 2007 to 2011 at our center for evaluation of pancreatic lesion were reviewed. Among these candidates, patients who had FDG-PET/CT for initial diagnostic workup of pancreatic lesions (i.e. evaluation of a pancreatic lesion without confirmed tissue diagnosis) were included. Demographics, final pathological diagnosis and FPG levels at the time of FDG administration were recorded. The FPG was confirmed to be less than 200 mg/dL before proceeding with the FDG-PET/CT scan. A board certified nuclear medicine physician blinded to the final diagnosis and FPG levels evaluated all FDG-PET/CT images. FDG-PET/CT images were evaluated subjectively (visual analysis) as well as objectively (by obtaining SUV). Based on visual analysis, lesions that had focal intense FDG uptake were deemed suspicious for malignant etiology and lesions with no FDG uptake or with mild and diffuse uptake over a larger area of the pancreas with heterogeneity and adjacent fat/soft tissue stranding were deemed more likely to be benign. Subsequently, the maximum and average standardized uptake value (SUV-max and SUV-average) of these abnormal foci was also obtained using volume of interest methodology inbuilt in the workstation utilized to review these scans (GE ADW 4.3, GE Medical, Milwaukee, WI).

3.1. Statistical Analysis {#sec66827}
-------------------------

Descriptive statistics were used to summarize the data. Statistical analysis was performed using the SPSS software version 15 (SPSS Inc., Chicago, IL). For all lesions that were suspicious based on clinical opinion (that considered FDG PET/CT findings), final diagnoses were confirmed by cytology or tissue diagnosis. For lesions that were favored to be benign or inflammatory based on clinical opinion, final diagnoses were determined by tissue diagnosis and/or clinical course. The diagnoses initially done by the nuclear medicine physician were compared with the final diagnoses. Lesions with final diagnosis of pancreatic adenocarcinoma or neuroendocrine tumor were designated as true positive (TP) if they were correctly diagnosed by the nuclear medicine physician and were designated as false negative (FN) if they were incorrectly diagnosed as benign or inflammatory lesions by the nuclear medicine physician. Similarly, lesions with final diagnosis of benign or inflammatory were designated as true negative (TN) if they were correctly diagnosed by the nuclear medicine physician and were designated as false positive (FP) if they were incorrectly diagnosed as pancreatic adenocarcinoma or neuroendocrine tumor by the nuclear medicine physician. The sensitivity of FDG-PET/CT in diagnosis of malignant versus benign pancreatic lesions was calculated by dividing the number of TP cases by the number of all patients with pancreatic adenocarcinoma and neuroendocrine tumor. Specificity was calculated through dividing the number of TN cases by the number of all patients with benign and inflammatory lesions. Positive predictive value (PPV) was calculated through dividing the number of TP cases by the number of all cases who were diagnosed as pancreatic adenocarcinoma or neuroendocrine tumor on FDG-PET/CT. Negative predictive value (NPV) was calculated by dividing the number of TN cases to the number of all cases who were diagnosed as benign or inflammatory lesions on FDG-PET/CT. The total accuracy of FDG-PET/CT was calculated through dividing the number of all TN and TP cases by the number of all patients enrolled in this study. Moreover, sensitivity, specificity, and accuracy of FDG-PET/CT in diagnosis of malignant versus benign pancreatic lesions were calculated in a similar manner for patients who were non diabetic (FPG \< 126 mg/dL) and also for patients who were hyperglycemic (FPG 126--200 mg/dL) at the time of FDG administration.

4. Results {#sec66829}
==========

From 2007 to 2011, 161 patients who had FDG-PET/CT for initial diagnosis of pancreatic lesions were included in the study. Demographic and pathological characteristics of the patients are shown in [Table 1](#tbl17085){ref-type="table"}. Seventy-eight (48.4%) patients had pancreatic adenocarcinoma (69 (88.5%) were true positives (TP) and nine (11.5%) false negatives (FN) by FDG-PET/CT), five (3.1%) had neuroendocrine tumors (four (80%) TP and one (20%) FN by FDG-PET/CT), and 78 (48.4%) had other benign or inflammatory pancreatic pathologies (69 (88.5%) true negative (TN) and nine (11.5%) false positive (FP) by FDG-PET/CT).

###### Demographic and Pathological Characteristics of Non diabetic (FPG \< 126 mg/dL), Hyperglycemic (126 ≤ FPG \< 200 mg/dL) and All Patients^[a](#fn13778){ref-type="table-fn"}^

  Demographic and Pathology Characteristics   Non diabetic Patients (n = 127)   Hyperglycemic Patients (n = 34)   All Patients (n = 161)
  ------------------------------------------- --------------------------------- --------------------------------- ------------------------
  **Age, y**                                  60.2 ± 13.6                       62.5 ± 13.9                       60.7 ± 13.6
  **Male**                                    72 (56.7)                         19 (55.9)                         91 (56.5)
  **Pathology**                                                                                                   
  Pancreatic adenocarcinoma                   56 (44.1)                         22 (64.7)                         78 (48.4)
  Neuroendocrine tumors                       5 (3.9)                           0 (0)                             5 (3.1)
  Other benign/inflammatory lesions           66 (52)                           12 (35.3)                         78 (48.4)

^a^Data are presented as Mean ± SD or No. (%).

Sensitivity, specificity, PPV and NPV of FDG-PET/CT in the diagnosis of pancreatic lesions were 88%, 88%, 89% and 87%, respectively. The overall accuracy of FDG-PET/CT in the diagnosis of pancreatic lesions was 88%. The PG levels of all patients were below 200 mg/dL at the time of FDG administration. One hundred and twenty-seven (79%) patients were non diabetic and 34 (21%) were hyperglycemic. The 18F-FDG-PET/CT in non diabetic patients had sensitivity, specificity, PPV and NPV of 90%, 88%, 87% and 91%, respectively. The FDG-PET/CT in hyperglycemic patients had sensitivity, specificity, PPV and NPV values of 82%, 92%, 95% and 73%, respectively. Overall, the accuracy of FDG-PET/CT was higher in non diabetic patients compared to the hyperglycemics (89% vs. 85%) but the specificity was higher in hyperglycemic patients compared to non diabetics (92% vs. 88%).

5. Discussion {#sec66830}
=============

In our study, FDG-PET/CT had a higher sensitivity but a lower specificity for diagnosis of pancreatic lesions in non diabetic patients compared with hyperglycemics. Furthermore, FDG uptake in various tissues including tumor cells is highly susceptible to the internal hormonal milieu, especially in relation to plasma insulin levels and plasma glucose levels. Eighteen-fluoro-deoxy-glucose is a glucose analogue and follows the pathways of glucose metabolism to a certain extent. Similar to regular glucose, FDG is transported intracellularly via GLUT-1 through GLUT-4 receptors ([@A16429R9], [@A16429R10]). Once inside the cells, again similar to glucose, FDG is acted upon by the enzyme hexokinase and is converted to FDG-6-phosphate ([@A16429R9]-[@A16429R11]). However, subsequent processing of FDG-6-pohosphate does not proceed along the lines of glucose-6-phosphate as the downstream enzymes (like glucose-6-phosphatase) are more specific and have less affinity for FDG-6-phosphate ([@A16429R11]). Thus, FDG remains metabolically trapped inside the cells. Since cancer cells prefer anaerobic glycolysis and have up-regulation of GLUT receptors, there is more accumulation of FDG in cancer cells as compared to normal cells; hence, these cancer cells show intense FDG uptake on FDG-PET/CT imaging. However, uptake of FDG by various tissues in the body including cancer cells can be affected by several factors. Insulin decreases plasma glucose levels by driving glucose into muscles. Therefore, if the plasma insulin levels are high at the time of FDG administration (either in response to recent intake of food by the patient or due to administration of exogenous insulin for controlling blood glucose levels), insulin will also drive FDG (similar to glucose) into muscles and alter FDG bio-distribution with potentially less FDG remaining in the plasma to enter tumor cells. If there is high plasma glucose level (endogenous plasma glucose) at the time of FDG administration, there will be competition between FDG and endogenous glucose for the GLUT receptors and less potential for FDG to enter tumor cells. In the above scenarios, there is a potential for false negative scans as FDG uptake in various cells (including tumor cells) is affected. This is the underlying rational for requiring patients to fast for at least six hours prior to FDG-PET/CT imaging and to ensure that FPG is less than 200 mg/dL (without recent insulin administration) at the time of FDG administration. However, normal FPG is \< 126 mg/dL and hence there is a theoretical possibility that even in patients with FPG \< 200 but higher than 126 mg/dL at the time of FDG administration (that is in compliance with the current guidelines), there may still be an inappropriately high level of competition between endogenous glucose and FDG. The decreased sensitivity and accuracy in hyperglycemic patients compared to non diabetic patients in our study confirms and reinforces this mechanism. Interestingly, hyperglycemic patients in our study showed a higher specificity compared with non diabetic patients. We postulate the following underlying reason for this finding. In hyperglycemic patients with ongoing competition between endogenous glucose and FDG, cells that show focal intense FDG uptake are more likely to be tumor cells with up-regulated GLUT-1 receptors. Benign or inflammatory cells without up-regulation of GLUT-1 receptors are unlikely to show focal intense FDG uptake in this setting, thereby diminishing the possibility of false positive scans and increasing specificity ([@A16429R7]). The main limitation of our study was its small sample size. The findings of our study need to be further evaluated and confirmed by larger studies. If confirmed by future prospective studies with larger sample sizes, our findings could potentially have significant clinical implications in our daily practice when performing FDG-PET/CT imaging for diagnostic and follow-up evaluation of pancreatic lesions. Modifications of the FDG-PET/CT protocols to include tighter regulation of the pre-imaging FPG level and possible correction of the pre-imaging FDG to non diabetic levels (FPG levels \< 126 mg/dL) are examples of such implications. Nuclear medicine physicians/radiologists may also consider the pre-imaging FPG levels in their interpretations of FDG-PET/CT imaging. Non diabetic pre-imaging FPG levels can result in higher sensitivity of FDG-PET/CT in detecting pancreatic lesions; on the other hand, hyperglycemic pre-imaging FPG levels can result in higher specificity of FDG-PET/CT in detecting pancreatic lesions.

In accordance with previous reports, our results show that FDG-PET/CT has high accuracy, sensitivity, specificity, PPV and NPV in the initial diagnosis and differentiation of malignant from benign pancreatic lesions. Overall, the accuracy of 18F-FDG-PET/CT was higher in non diabetic patients compared with hyperglycemics; however, specificity was higher in hyperglycemic patients compared with non diabetics.
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